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Background: There are a few papers reporting the association between thyroid hormones, cholesterol and lipo-
protein in euthyroid cardiovascular patients.
Objective: Our objective was to investigate the relationship between thyroid hormones, cholesterol and lipopro-
tein in euthyroid cardiovascular patients.
Methods: The study population consisted of 73 consecutive euthyroid cardiovascular patients. The average age of
the patients was 57 ± 16 years, and 52% were male. The serum levels of free 3,3′,5′-triiodo-L-thyronine (FT3),
free thyroxine (3,5,3′,5′-tetraiodo-L-thyronine; FT4), thyroxine stimulating hormone (TSH), apolipoprotein,
fatty acids and cholesterol were assessed.
Results:We found a strong, signiﬁcant positive correlation between the serum levels of FT4 and low-density lipo-
protein cholesterol (LDL-C) (r=0.442, p b 0.01), the serum levels of FT4 and apolipoprotein B (ApoB) (r=0.402,
p b 0.01), the serum levels of FT3 and apolipoprotein A2 (ApoA2) (r=0.549, p b 0.01) and the serum level of TSH
and high-density lipoprotein cholesterol (HDL-C) (r = 0.503, p b 0.01). There were signiﬁcant positive correla-
tions between the serum levels of TSH and ApoA1 (r = 0.267, p b 0.05), and the serum levels of TSH and apoli-
poprotein E (ApoE) (r = 0.302, p b 0.01). By contrast, there were signiﬁcant negative correlations between the
serum levels of TSH and triglyceride (TG) (r = −0.315, p b 0.01) and the serum levels of TSH and
docosahexaenoic acid (DHA) (r =−0.274, p b 0.05).
Conclusions: This is the ﬁrst report demonstrating a signiﬁcant correlation between the serum levels of FT3 and
both ApoA1 and ApoA2; the serum levels of FT4 and ApoA2, ApoB, TC and LDL-C; and the serum levels of TSH
and ApoA1, ApoE, DHA, TG and HDL-C.
© 2015TheAuthor. Published by Elsevier Ireland Ltd. This is an open access article under theCCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Background
Thyroid hormones maintain heart function [1,2] and inﬂuence lipo-
protein metabolism. The serum levels of high-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) are
increased in hypothyroidism [3], and the serum levels of HDL-C and
LDL-C are decreased in hyperthyroidism [4]. However, there are a few
reports regarding the association between the serum level of thyroid
hormones and HDL-C or LDL-C in euthyroid cardiovascular patients.
Cholesterol is an essential substance that plays an important role in
many functions, such asmaintaining cellmembranes,manufacturing vi-
taminD on the skin surface and producingbile acids andhormones such
as steroids [5,6]. However, when the serum level of LDL-C increases,
there are unfavorable consequences, and the serum level of HDL-C is a, Goto-City, Nagasaki 853-0205,
and Ltd. This is an open access articlecrucial factor affecting coronary atherosclerosis progression in the gen-
eral population [7–11].
Cholesterol combines with apolipoprotein and fatty acids, and the
homeostasis of cholesterol is maintained by the metabolism of lipopro-
teins such as apolipoprotein and fatty acids, whichmediate transport of
the lipid to and from the liver and tissues.
Arachidonic acid (AA) and dihomo-gamma-linolenic acid (DGLA)
are n−6 polyunsaturated fatty acids, whereas eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) are n−3 polyunsaturated
fatty acids. AlthoughAA andEPAhave opposite effects, hepatic lipogenic
gene expression is down-regulated by both AA and EPA [12–14]. The
serum DHA level and the serum EPA+ DHA level have been associated
with the risk of coronary heart diseases and fatal ischemic heart diseases
[15–17]. There are no reports regarding how the serum levels of DGLA,
AA, DHA and EPA are associated with the serum level of thyroid hor-
mones in euthyroid cardiovascular patients.
Apolipoprotein are the structural components of lipoprotein. Most
apolipoprotein A1 (ApoA1) are included in high density lipoproteinunder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Clinical characteristics of the patients.
Characteristic Means ± S.D. (reference range)
n 73
Age (years) 57 ± 16
Gender (F/M) 35/38
Laboratory results
TC (mg/dl) 192 ± 33 (120–220)
TG (mg/dl) 136 ± 99 (35–150)
HDL-C (mg/dl) 67 ± 20 (40–100)
LDL-C (mg/dl) 107 ± 28 (70–140)
BNP (pg/dl) 59 ± 131 (b18.4)
FT4 (ng/dl) 1.06 ± 0.16 (0.93–1.75)
FT3 (pg/ml) 3.10 ± 0.48 (2.5–3.5)
TSH (μU/ml) 2.33 ± 1.82 (0.65–5.55)
TC, total cholesterol; TG, triglyceride; HDL-C, high-density-lipoprotein cholesterol;
LDL-C, low-density-lipoprotein cholesterol; BNP, brain natriuretic peptide; FT4, free
thyroxine (3,5,3′,5′-tetraiodo-L-thyronine); FT3, free 3,3′,5′-triiodo-L-thyronine; TSH,
thyroxine stimulating hormone.
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Furthermore ApoA1 is necessary for the maturation of HDL, the struc-
ture formation of HDL and the drawing of cholesterol. ApoA1 controls
the activation of lecithin-cholesterol acyltransferase (LCAT), which is
important in the maturation of HDL.
Apolipoprotein A2 (ApoA2) is the second major protein component
of HDL (25%). The major site of ApoA2 mRNA and protein synthesis in
humans is the liver, and a minor site is the small intestine; however
the role of ApoA2 in HDL metabolism remains unclear [18]. ApoA2
acts on LCAT and cholesteryl ester transfer protein (CETP).
Genetic studies in mice suggest that ApoA2 alters the antiatherogenic
functions of ApoA1 and contributes to the pathogenesis of atherosclerosis
[19,20].
Apolipoprotein B (ApoB) is themost abundant protein constituent of
all lipoproteins except HDL. ApoB100 is produced in the liver, and
ApoB100 becomes the major component of the very low-density lipo-
protein (VLDL); ApoB48 is produced in the small intestine and becomes
a major component of chylomicrons. HDL-C is composed of ApoA1,
ApoA2, ApoE, and cholesterol, whereas LDL-C is composed of B100, tri-
glyceride (TG), and cholesterol.
Apolipoprotein E (ApoE) ismainly present in HDL, chylomicrons and
VLDL. ApoE participates in receptor-mediated uptake of these particles
by the liver as a ligand for the low-density-lipoprotein-receptor family
[21]. ApoE has a key role in neuronal maintenance and repair [22–24],
and ApoE4 is a crucial risk factor for late-onset Alzheimer's disease
[25]. The major site of ApoE mRNA and protein synthesis is in the
liver, but the protein is also produced in the adrenals and the nervous
system.
Previous studies have focused on patients with hyperthyroidism or
hypothyroidism and on the effects of treating thyroid dysfunctions. Fur-
thermore, there are a few studies reporting the direct relationship be-
tween thyroid hormones, cholesterol and lipoprotein in euthyroid
cardiovascular patients.
Therefore, the objective of the present study was to clarify the rela-
tionship between thyroid hormones [free 3,3′,5′-triiodo-L-thyronine
(FT3), free thyroxine (3,5,3′,5′-tetraiodo-L-thyronine; FT4) and thyrox-
ine stimulating hormone (TSH)] and cholesterol and lipoprotein (apoli-
poprotein and fatty acids) in euthyroid cardiovascular patients.
2. Patients and methods
2.1. Patients
The present study population consisted of 73 consecutive patients
who underwent all examinations for thyroid hormones (FT3, FT4 and
TSH), cholesterol and lipoprotein. The average age of the 73 patients
was 57 ± 16 years, and 52% were male. The patients suffered from hy-
pertension [26], angina pectoris (AP) and/or arrhythmias. When
patients had ischemic chest discomfort, exercise stress test was per-
formed. Demonstration of exercise stress ECG changes with ST-
segment elevation or depression of N0.5 mm or T-wave inversion in 2
or more leads accompanied by ischemic chest discomfort needs coro-
nary angiography. The diagnostic criterion for AP was N75% stenosis of
at least 1 segment of amajor coronary artery found on coronary angiog-
raphy. The diagnosis of hypertrophic cardiomyopathy (HCM)was based
on 2-dimensional transthoracic echocardiographic demonstration of
unexplained left ventricular hypertrophy.
2.2. Statistical analysis
The data are presented as themeans± standard deviation (SD). The
correlation between dependent variables was evaluated with Pearson's
correlation coefﬁcient. To determine the relationship between parame-
ters that were considered to have signiﬁcant relationships, a multivari-
ate, stepwise linear-regression analysis was used. A probability value
less than 0.05 was accepted as statistically signiﬁcant. The statisticalanalyseswere performed using the statistical package for social sciences
software (SPSS).We used the Japanese version of SPSS 19.0 (SPSS Japan,
Tokyo, Japan).
2.3. Ethical approval
It was not necessary to obtain ethical approval because the present
study was only retrospective.
3. Results
The baseline characteristics of the patients are presented in Table 1,
and the lipoprotein data are listed in Table 2. The mean BMI value was
23.1 ± 3.5 kg/m2 (range: 17.2–32.9 kg/m2).
Of the 73 patients, 36 patients had hypertension, 22 patients had AP,
38 patients had cardiac arrhythmias, 2 patients had HCM and 1 patient
had an atrial septal defect. There were 25 hypertension patients with a
mix of AP or arrhythmias, and there were 2 patients with a mix of those
with AP and arrhythmias.
Hypothyroidism was deﬁned as an increased serum level of TSH.
Hyperthyroidism was deﬁned as a decreased serum level of TSH in
combination with an increased serum level of FT4, FT3 or total T3.
The patients who had neither hypothyroidism nor hyperthyroidism
were deﬁned as euthyroid patients. Six patients had serum FT3 levels
lower than 2.4 pg/dl, and serum TSH levels within the normal range.
In addition, 57 patients were within the normal range of FT3. Ten pa-
tients had serum FT3 levels higher than 3.6 pg/dl, and serum TSH
levels within the normal range. There were no patients with abnor-
mal serum TSH concentrations, so there were no hyperthyroid or hy-
pothyroid patients. No patients were on thyroid hormone therapy.
We found a signiﬁcant positive correlation between the serum levels
of FT4 and LDL-C (Fig. 1; r = 0.442, p = 0.000), the serum levels of FT4
and ApoB (Table 3; r = 0.402, p = 0.000), the serum levels of FT3 and
ApoA2 (Fig. 2; r = 0.549, p = 0.000) and the serum levels of TSH and
HDL-C (Fig. 3; r = 0.503, p = 0.000).
In addition, Table 3 presents that there were the signiﬁcant positive
correlations between the serum levels of FT4 and total cholesterol (TC)
(r = 0.336, p = 0.004), the serum levels of FT4 and ApoA2 (r = 0.276,
p = 0.018), the serum levels of FT3 and ApoA1 (0.235, p = 0.045), the
serum levels of TSH and ApoA1 (r = 0.267, p = 0.023), and the serum
levels of TSH and ApoE (r = 0.302, p = 0.009).
By contrast, there were signiﬁcant negative correlations between
the serum levels of TSH and TG (r = −0.315, p = 0.007), and the
serum levels of TSH and DHA (r =−0.274, p = 0.019). However, the
serum levels of FT3 and HDL-C, and the serum levels of FT4 and HDL-C




Laboratory results Means ± S.D. (reference range)
ApoA1 (mg/dl) 152 ± 25 (126–165)
ApoA2 (mg/dl) 29.7 ± 6.2 (24.6–33.3)
ApoB (mg/dl) 90.9 ± 20.6 (66–101)
ApoC2 (mg/dl) 4.51 ± 5.80 (1.5–3.8)
ApoC3 (mg/dl) 9.64 ± 4.11 (5.4–9.0)
ApoE (mg/dl) 4.56 ± 1.57 (2.8–4.6)
DGLA (μg/ml) 35.8 ± 14.9 (10.9–43.5)
AA (μg/ml) 171 ± 45 (85.1–207.8)
EPA (μg/ml) 80 ± 47 (11.6–107.2)
DHA (μg/ml) 132 ± 44 (48.6–152.4)
ApoA1, apolipoprotein A1; ApoA2, apolipoprotein A2; ApoB, apolipoprotein B; ApoC2,
apolipoprotein C2; ApoC3, apolipoprotein C3; ApoE, apolipoprotein E; DGLA, dihomo-
gamma-linolenic acid; AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA,
docosahexaenoic acid.
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Both atherosclerosis and heart failure are associated with thyroid
hormones [1,2], cholesterol [4] and lipoprotein [15–17]. The results of
the present study revealed that thyroid hormones interacted with cho-
lesterol and lipoprotein in euthyroid cardiovascular patients. Whereas
thyroid hormones and apolipoprotein are proteins, fatty acids are not
proteins. The interactions between thyroid hormones, cholesterol and
lipoproteins are important for understanding atherosclerosis and heart
failure. Hyperthyroidism and hypothyroidism reportedly decrease and
increase the serum level of HDL-C, respectively [27]; however, the pres-
ent study demonstrated that the serum levels of FT3 (Table 3; r=0.001,
p=0.659) and FT4 (Table 3; r=−0.053, p=0.659) had no signiﬁcant
relationship with the serum level of HDL-C (Table 3). However, the
serum level of HDL-C had a signiﬁcantly positive correlation with the
serum level of TSH (Fig. 3), without affecting the serum levels of FT3
and FT4.
The serum level of FT3 had a signiﬁcant positive correlationwith the
serum levels of ApoA2 (Fig. 2; r = 0.549, p = 0.000) and ApoA1
(Table 3; r = 0.235, p = 0.045), which may indicate that FT3 positively
regulates the gene expression of ApoA1 and ApoA2. Because ApoA1 and
ApoA2 are structural components of HDL-C, it is easy to deduce that FT3Fig. 1. The signiﬁcant positive correlation between the serum level of free thyroxine
(3,5,3′,5′-tetraiodo-L-thyronine; FT4) and the serum level of low-density lipoprotein cho-
lesterol (LDL-C) (r = 0.442, p = 0.000).subsequently modiﬁes HDL-C concentrations. However, the results of
the present study indicated that FT3 might regulate ApoA1 and ApoA2
production without affecting the HDL-C concentrations.
Moreover, the serum TSH level exhibited a signiﬁcant relationship
with the serum HDL-C level (Fig. 3; r = 0.503, p = 0.000), which may
indicate that the serum TSH level is more strongly associated with the
serum HDL-C level than with the serum levels of ApoA1 and ApoA2. In
addition, the serum TSH level had a signiﬁcant positive relationship
with the serum levels of ApoE (Table 3; r = 0.302, p = 0.009) and
ApoA1 (Table 3; r = 0.267, p = 0.023). ApoA1 and ApoE are compo-
nents of HDL-C; thus, the serum level of TSH may affect the serum
level of HDL-C viamodulating the serum levels of bothApoA1 andApoE.
The serum levels of HDL-C and LDL-C increase in hypothyroidism [3],
and the serum levels of HDL-C and LDL-C decrease in hyperthyroidism
[4]. According to previous reports, thyroid hormones negatively regulate
the serum levels of HDL-C and LDL-C in hypothyroidism and the hyper-
thyroidism patients; however our results revealed that the serum level
of FT4 had a signiﬁcant positive correlationwith the serum levels of LDL-
C (Fig. 1; r = 0.442, p = 0.000) and ApoB (Table 3; r = 0.402, p =
0.000), which suggest that FT4 positively regulated the serum level of
LDL-C.
The change in the serum FT4 level is reported to be the main deter-
minant of the change in the serumLDL-C andHDL-C levels after restora-
tion of the euthyroid state [28]. The present study demonstrated that
the serum level of FT4 had a signiﬁcant positive correlation with the
serum levels of both LDL-C (Table 3; r = 0.442, p = 0.000) and TC
(Table 3; r = 0.336, p = 0.004) but not with the serum of HDL-C
(Table 3; r =−0.053, p = 0.659).
Although FT3 is reported to be associated with the gene expression
of LDL receptors [29] in vitro, the present study demonstrated that the
serum level of FT3 had no signiﬁcant relationship with the serum level
of LDL-C. However, the serum level of FT4 had a signiﬁcant positive re-
lationship with the serum level of LDL-C (Fig. 1; r = 0.442, p = 0.000),
which suggest that the serum level of FT4 modulated the serum level of
LDL-C in vivo.
Although fatty acids and thyroid hormones had a minimally signiﬁ-
cant relationship, the serum level of DHA had a signiﬁcant negative re-
lationship with the serum level of TSH (Table 3; r = −0.274, p =
0.019),which is coincidedwith previous study [30]. No other signiﬁcant
interactions were found.
Although the HDL-C metabolism remains elusive, the LDL-C metab-
olism has been partially clariﬁed.
The promoter of the LDL receptor gene includes a thyroid-hormone-
responsive element (TRE) [29]. Changes in the serum level of LDL-C
were reported to cause altered LDL clearance from the serum by chang-
ing the number of LDL receptors on liver cell surfaces [31,32].
In hyperthyroid patients, FT3 and the thyroid hormone receptor
(TR) complex up-regulated the LDL receptor on liver cell surfaces via
binding the thyroid hormone receptor element (TRE) of the LDL recep-
tor promoter, which induced the decrease in LDL-C concentrations [4].
Our results regarding the relationship between the serum FT3 levels
and the serum LDL-C levels in the euthyroid cardiovascular patients did
not coincide with the results of previous studies in hyperthyroid pa-
tients [4], which suggest that the LDL receptor was not regulated in
the euthyroid patients via the same mechanism as in the hyperthyroid
patients.
TR bound by triiodothyronine (T3), which has profound effects on
the expression proﬁle of thyroid hormone-dependent genes, and liver
X-receptor (LXR), which can be activated by cholesterol, primarily reg-
ulate lipid metabolism. Both TR and LXR can bind to target sites as
monomers, homodimers or heterodimers with retinoid X receptors
(RXRs) [33,34]. Liganded TR can positively or negatively regulate tran-
scription, depending on a positive or negative thyroid hormone re-
sponse element (TRE) in its target genes.
On the absence of ligand FT3, the TR/RXR heterodimer binds to TRE
and suppresses the target gene transcription. Co-suppressor proteins
Table 3
Correlation between thyroid hormone, cholesterol and lipoprotein (n = 73).
ApoA1 ApoA2 ApoB ApoE DHA TC TG HDL-C LDL-C
FT4 r − .019 .276 .402 .161 .223 .336 .110 − .053 .442
p .876 .018 .000 .173 .058 .004 .354 .659 .000
FT3 r .235 .549 .013 .044 .071 − .005 .120 .001 − .032
p .045 .000 .911 .709 .551 .966 .311 .992 .785
TSH r .267 .098 − .213 .302 − .274 .121 − .315 .503 − .036
p .023 .411 .070 .009 .019 .307 .007 .000 .762
FT4, free thyroxine (3,5,3′,5′-tetraiodo-L-thyronine); FT3, free 3,3′,5′-triiodo-L-thyronine; TSH, thyroxine stimulating hormone; ApoA1, apolipoprotein A1; ApoA2, apolipoprotein A2;
ApoB, apolipoprotein B; ApoE, apolipoprotein E; DHA, docosahexaenoic acid; TC, total cholesterol; TG, triglyceride; HDL-C, high-density-lipoprotein cholesterol; LDL-C, low-density-lipo-
protein cholesterol.
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(SMRT) [35] and nuclear receptor co-repressor (N-CoR) [36] are recruit-
ed to mediate the target gene suppression by unliganded TR/RXR. The
relationship between the co-suppressors SMRT andN-CoRwith histone
deacetylase (HDAC) is important. HDAC3 plays a critical role in suppres-
sion by unliganded TR. SMRT and N-CoR are components of complexes
containing class I HDAC [37].
In the euthyroid patients liganded TR may activate the LDL receptor
gene expression as well in hyperthyroid patients; additionally,
unliganded TR may play a crucial role in regulating the LDL receptor
gene, so there is no relationship between FT3 and LDL-C, although the
mechanism is not certain.
When food is withdrawn, Sirtuin1 protein (which activates a critical
component of caloric restriction in mammals) binds to and represses
genes controlled by the fat regulator peroxisome proliferator-activated
receptor-gamma (PPAR-γ) (including genes mediating fat storage),
which affects the serum level of cholesterol, apolipoprotein or fatty
acids. Sirtuin1 reportedly represses PPAR-γ by linking with its cofactors
NCoR (nuclear receptor co-repressor) and SMRT (silencing mediator of
retinoid and thyroid hormone receptors) in vivo [38].
In the present study, it is possible that cholesterol, apolipoprotein or
fatty acids interacted with thyroid hormones via somemechanism such
as peroxisome proliferator-activated receptors (PPAR) and/or sterol-
regulatory element-binding proteins (SREBP), which may regulate the
genes associated with thyroid hormones. Furthermore, thyroid hor-
mones might have interacted with the serum levels of cholesterol,Fig. 2. The signiﬁcant positive correlation between the serum level of free 3,3′,5′-triiodo-L-
thyronine (FT3) and the serum level of apolipoprotein A2 (ApoA2) (r=0.549, p=0.000).apolipoprotein and fatty acids by not only coupled but also uncoupled
thyroid hormone receptors.
Although the primary mechanism underlying the thyroid hormone
effects on the serum levels of cholesterol and lipoprotein in euthyroid
cardiovascular patients remains elusive, considering the interaction
with thyroid hormones, cholesterol and lipoprotein may be crucial to
the understanding of atherosclerosis and heart failure.
There were several potential limitations in the present study be-
cause of its retrospective nature. Furthermore, because the present in-
vestigation had a small sample, it might not be representative of all
patients. In addition, the present study was composed of local patients
and thus, might not be representative of all patients worldwide. People
living in Japan commonly eat meals similar to Mediterranean food,
which might have affected the results. In the future, a worldwide war-
rant examination is desirable to corroborate the results of the present
study.
Although FT3 and FT4 had signiﬁcant positive correlationswith cho-
lesterol and lipoprotein, TSHhad signiﬁcant positive andnegative corre-
lations with cholesterol and lipoprotein. Although FT3 and FT4 are
produced in the thymus, TSH is produced in the hypothalamus. Lipopro-
tein and cholesterol are produced in the liver. Pulmonary vein thrombo-
sis is believed to be rare, however, I have published some cases of
pulmonary vein thrombosis in elderly patients with chest pain since
2012 [39–47]. Recently I reported that 61% of 57 elderly patients with
chest pain had pulmonary vein thrombosis [47], suggesting that pulmo-
nary vein thrombosis is not common in elderly patients. Pulmonary veinFig. 3. The signiﬁcant positive correlation between the serum level of thyroxine stimulat-
ing hormone (TSH) and the serum level of high-density lipoprotein cholesterol (HDL-C)
(r = 0.503, p = 0.000).
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gans. Recanalization of cerebral microvessel occlusion was reported in
mice [48]. When recanalization fails, the occluded region becomes hyp-
oxic and undernourished, and the organ loses normal function. Most of
the present patients are elderly patients, indicating that some of the pa-
tients may have pulmonary vein thrombosis. If microclots occlude
microvessels of the thymus, the liver and the hypothalamus, then the
production of FT3, FT4, TSH, apolipoprotein, fatty acids and cholesterol
may be decreased, resulting in signiﬁcant positive correlations. Howev-
er, TSH had signiﬁcant negative correlations with DHA and TG. TSH
might not decrease because hypothalamus was mainly supplied with
oxygen and nourishments not from artery but from hypophyseal portal
veins that are not affected bymicroclots released froma pulmonary vein
thrombus. Hypothalamus–hypophyseal portal venous plexus–thymus
system is useful not only to give hypothalamic hormone but also to
avoid the effects of pulmonary vein thrombosis. More studies are re-
quired to clarify the function of hypophyseal portal venous plexus to ef-
fects of pulmonary vein thrombosis.
5. Conclusions
This is theﬁrst report to demonstrate that the serum level of FT3 had
signiﬁcant positive correlations with the serum levels of ApoA1 and
ApoA2; that the serum level of FT4 had signiﬁcant positive correlations
with the serum levels of ApoA2, ApoB, TC and LDL-C; and that the serum
level of TSH had signiﬁcant positive correlations with serum levels of
ApoA1, ApoE and HDL-C and signiﬁcant negative correlations with the
serum levels of DHA and TG in 73 euthyroid cardiovascular patients.
Conﬂict of interest
The authors report no relationships that could be construed as a con-
ﬂict of interest.
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